The incidence rate of patients developing pressure ulcers associated with medical device use is underreported in Korea. This study aims to determine clinical nurses' perceived importance and performance towards medical device-related pressure injury prevention. A total of 620 nurses from seven hospitals attending continuing education programmes in Korea responded to self-administered questionnaires. Data were collected from March to December 2017 on a 4-point-Likert scale on nurses' perceived importance and performance for prevention of medical devicerelated pressure ulcer (MDRPU). Secondary data analysis was performed through reported pressure injury incidence, and questionnaire data were analysed using descriptive statistics, t-test, and ANOVA. The overall rates of hospital-acquired pressure ulcers and MDRPU were 16.9% and 0.8%, respectively. The proportion of MDRPU was 5.02%. Its perceived importance (3.56 AE 0.48) was also higher than prevention performance (3.13 AE 0.90) among nurses. Education level and participation in pressure injury management training was found to enhance prevention performance by nurses. Therefore, informational and educational programmes based on clinical practice are necessary for clinical nurses to focus on perceived importance and performance towards prevention of medical device-related pressure injury and pressure ulcer care.
times for its hospital-acquired rate; it develops with the use of products with diagnostic or therapeutic applications. 1 MDRPU can be caused by the use of respiratory and orthopaedic devices, urinary catheters, faecal incontinence management devices, surgical drainage devices, central venous catheters, dialysis catheters, intermittent pneumatic devices, compression stockings, restraining devices, and drainage tubes.
Among the hospital-acquired pressure ulcers (HAPUs), MDRPUs refer to pressure ulcers that develop from using medical devices for diagnostic or therapeutic purposes, which usually include nasal cannula, nasogastric tube, plaster bandage, splint, intubation tube, mask, naso-tracheal tube, neck brace, pulse oximeter, percutaneous pulse oximeter probe, electrocardiogram electrode, and arteriovenous catheter. 10 Such pressure ulcers are usually affected by the following factors: device material being too hard, wrong choice of medical device, attaching the medical device on an area with little fat tissue, moisture condition of the skin where the device is attached, improper fixation method, improper use of adhesive tape, using many types of medical devices, using medical device on the same area for a long period, and overall condition of the patient. 11, 12 Common sites of pressure ulcers include not only areas with protruding bone, which is a familiar issue, but also other areas where medical devices are often used. Therefore, it is necessary for nurses to assess not only areas with protruding bone where pressure ulcers commonly develop but also the skin area where the medical devices are attached. However, the incidence of an MDRPU varies depending on inpatient characteristics and medical devices applied. Moreover, an MDRPU is not detected early in many cases because of (a) lack of awareness among nurses, (b) concerns about lifting or repositioning the medical device or the fixed medical device coming loose during assessment, and (c) the need for consent or cooperation from a doctor. 6 Application of a medical device itself does not always cause pressure ulcers, but pressure ulcers are related to the use of such medical devices if the medical device is not applied properly, its position is not changed often enough, or the device is not fixed properly; a poorly fitting medical device is used, or an inappropriate device is fitted. 13 Patient-related risk factors include sensory impairment, dampness beneath the medical device, problematic perfusion and tissue durability, malnutrition, and oedema. It may occur in all patients, including small children. 14 As mentioned earlier, although pressure ulcers often develop in areas with protruding bone, an MDRPU can develop in all areas where a medical device is applied, as well as in the mucosa membrane within a body cavity that leads to the outside, such as the tongue, intraoral mucosa, vagina, urethra, trachea, and nasal cavity. 11 According to
Pittman et al, 3 50% of HAPUs are related to medical device use, while Van Gilder et al 4 reported that 11.9% of pressure ulcers are MDRPUs. The prevalence of such an MDRPU is 8.3% to 9.7%, 12 while the cause of pressure ulcers in 11.9%
to 50% of cases is attributable to use of a medical device. 3, 4, 15 Therefore, strategies for accurately assessing and actively preventing MDRPUs are needed. Because MDRPU is preventable if the causes are clearly identified and pre-emptive measures are taken, the perceived importance of MDRPU (PI-MDRPU) prevention and prevention performance of MDRPU (PP-MDRPU) prevention measures among medical staff are crucial. In particular, ICU, elderly, and paediatric patients need to be recognised as high-risk groups that require closer attention. 1 Therefore, there is a need to develop education that includes MDRPU and its assessment; accordingly, the present study investigated the current incidence rates of MDRPU and the perceived importance and performance of MDRPU prevention activities by nurses to gather basic data for developing nursing strategies and practical application of effective pressure ulcer prevention.
| Objectives
The objective of the present study is to identify the current state of MDRPUs occurring in health care institutions in Korea and the level of PI-MDRPU and PP-MDRPU among clinical nurses. Specific goals were as follows:
1. Identify the incidence rate of MDRPUs in health care institutions, cause of MDRPUs, and most common sites of MDRPUs. 2. Identify the level of PI-MDRPUs and PP-MDRPU prevention among clinical nurses.
| Subjects
The present study investigated the incidence rate of MDRPU between January and December 2016 in five health care institutions in Korea with at least 500 beds, along with the causes of MDRPU and the site of MDRPU in 227 cases.
To understand PI-MDRPU and PP-MDRPUs, questionnaires were distributed to 682 nurses who consented to participate in the study from among nurses who attended the first academic conference and fourth continuing education seminar held by the Korean Association of Wound Ostomy Continence Nurses (KAWOCN) in 2017. Incomplete questionnaires from 62 nurses were excluded from data analysis. Missing responses were excluded, and only the questions that had been answered were analysed. Incidence rate of pressure ulcer (incidence rate of HAPU):
The incidence rate of pressure ulcer is a measure of the number of cases of pressure ulcers that newly developed after hospitalisation, using the rate of pressure ulcers per 1000 days of hospitalisation. This is an indicator management method developed by the Korea Institute for Healthcare Accreditation, where-because the duration of exposure to the risk of pressure ulcer is different for each individual-the number of days of hospitalisation representing the actual duration of exposure to the risk of pressure ulcer is calculated and used as the denominator. Pressure ulcers at the time of admission are excluded from the numerator, and each incidence of a newly developed pressure ulcer in the same patient was added to the numerator.
where number of days of hospitalisation is the sum of days of hospitalisation of inpatients over a specific period.
Incidence rate of MDRPUs: To calculate the incidence rate of MDRPUs, the number of newly developed MDRPUs was measured using the same method as that used to calculate the incidence rate of HAPUs. The present study used the number of newly developed MDRPUs per 1000 days of hospitalisation as the incidence rate of MDRPUs.
| Instruments: PI-MDRPU and PP-MDRPU
The tools for assessing PI-MDRPU and PP-MDRPU contained nursing assessment content according to the classification of causes of MDRPUs, performance of preventive activities, records and reports, and education. These tools were developed by the researcher based on literature review. Specifically, the items were related to assistive devices (brace, neck collar, cast, and splint), anti-embolic devices (anti-embolic stocking), intermittent pneumatic compression (ICP) devices, various catheters (arterial catheter, haemodialysis catheter, and extracorporeal membrane oxygenation [ECMO] catheter), restraints, oxygen supply devices (oxygen mask, nasal cannula, and tracheostomy tube), and patient-monitoring devices (electrocardiogram and pulse oximeter probe). Each item was scored on a 4-point Likert scale, with higher scores indicating a higher level of PI-MDRPU and P-MDRPU. The reliability of the PI-MDRPU and P-MDRPU tools used in the present study showed Cronbach's α of 0.954 and 0.925, respectively.
| Data analysis method
Causes, stages, and common sites of MDRPU were analysed as percentages and frequencies, while PI-MDRPU and PP-MDRPU, according to the general characteristics of the subjects, were analysed using t-test and ANOVA.
| Ethical consideration
The present study was approved by the relevant institutional review board (No. 2016-1029). After receiving an explanation on the objective and content of the study, those who voluntarily consented to participate in the study were selected. Ethical consideration was given by notifying the participants that their responses will not be used for purposes other than this study; their privacy will be protected; and responses to the questionnaire will be destroyed upon completion of the study. The participants provided their responses to the questionnaire after signing the written informed consent form. Table 2 ). The causes of MDRPUs included wearing neurosurgical assistive devices, including brace and neck collar (7.5%); wearing orthopaedic assistive devices, including splint and cast (6.6%); wearing anti-embolic stocking and sequential compression device (22.5%); Intravenous and arterial catheterisation (5.3%); Foley catheterisation (1.8%); nasogastric intubation (17.6%); oxygen saturation measurement for patient monitoring (7.0%); use of nasal cannula (11.9%); non-invasive ventilation masks such as positive pressure respirator (15.9%); and endotracheal intubation, including the use of naso-tracheal and endo-tracheal tube (4.0%) ( Table 3) .
| PI-MDRPU and PP-MDRPU of clinical nurses 3.2.1 | General characteristics of respondents
The mean age of the subjects was 31.3 years, and 64.5% were graduates from 4-year nursing colleges. With respect to job title, 73.5% were general nurses, and 5.2% were nurse practitioners. The mean clinical experience of the nurses was 7.3 years.
For assigned departments, the responses included surgery (30.2%), internal medicine (22.9%), and ICU (28.7%), while most of the subjects worked in large hospitals with 500 to 999 beds (57.1%) and ≥1000 beds (22.1%).
For the frequency of pressure ulcer-related training within 1 year, the most common response was one to two times with 51.0%, while no training was 21.3%. Meanwhile, 66.6% had MDRPU nursing experience, and the mean frequency of MDRPU nursing per month was 2.5 times (Table 4) .
| Subject characteristics related to MDRPU nursing
Participants reported that, among the causes of MDRPU, use of a cast, splint, anti-embolic stocking, and IPC was 35%, 26%, 33.2%, and 12.7%, respectively. For catheters inserted into the body, Foley catheter, arterial catheter inserted for blood pressure monitoring in ICU, ECMO, and haemodialysis catheter accounted for 26.1%, 11.5%, 10.2%, and 5.8%, respectively. Probes used for oxygen saturation measurement and EEG accounted for 18.5% and 1.8%, respectively, while among medical devices used to supply oxygen, nasal cannula showed the highest frequency of 53.7%, followed in order by oxygen mask (19.4%), endo-tracheal tube (18.4%), and naso-tracheal tube (17.9%). In addition, use of a restraint was 39.2% (Table 5) . With respect to stages of MDRPU, the most common was stage 2 (32.9%), followed by stage 1 (31.3%). When MDRPUs occurred, 84.2% reported it, whereas 15.8% did not report the case. The reasons for not reporting such incidences included (a) because it was different from regular pressure ulcer (42%), (b) did not receive training about reporting (35%), (c) did not know it was a pressure ulcer (16.0%), and (d) because of busy work schedule (0.7%).
The percentage of those who responded that there is MDRPU prevention and treatment protocols at their hospitals were 49.5% and 40.3%, respectively, and in such cases, the percentage of those who performed prevention and treatment protocols was 47.4% and 37.1%, respectively.
| PI-MDRPU and PP-MDRPU by clinical nurses
The mean PI-MDRPU and P-MDRPU scores of clinical nurses was 3.56 (AE0.48) and 3.13 (AE0.90) points, respectively, indicating a higher score for PI-MDRPU and a relatively lower score for PP-MDRPU (see Table 6 ). Among these, the major items that showed the highest PI-MDRPU score was "When a restraint is used, I check the condition of the skin where it is applied every 2 hours" (3.71 AE 0.50 points), but "I reposition the measuring device in patients who require continued oxygen saturation measurement" showed a relatively low score of 3.38 AE 0.67 points among the 17 items.
With respect to PP-MDRPU, the item that showed the highest score was "When caring for patients, I check at least once to make sure catheters (Foley catheter, drainage bag, or Percutaneous transhepatic biliary drainage), monitoring devices (EEG and pulse oximeter probe), arterial catheter, or needle cap are not misplaced under the body to cause skin injury" (3.51 AE 0.73 points); however, "I reposition the measuring device in patients who require continued oxygen saturation measurement" and "I apply prophylactic dressing to prevent MDRPU" showed a very low score of 2.79 AE 1.12 and 2.92 AE 1.29 points, respectively.
| Comparisons of PI-MDRPU and PP-MDRPU
Education level and assigned departments of clinical nurses showed statistically significant differences in PI-MDRPU (P = 0.021/P < 0.001) and PP-MDRPU (P < 0.001/ P < 0.001) scores.
PP-MDRPU was statistically significant only in job title (P = 0.008), while P-MDRPU showed significant difference based on the number of hospital beds as well (P < 0.001).
Higher frequency of participation in pressure ulcerrelated training showed significant difference in PP-MDRPU (P = 0.016); participation in MDRPU-related training did not show a difference in PP-MDRPU (P = 0.056), but having participation experience showed a significant difference in PI-MDRPU (P = 0.001). Frequency of MDRPU nursing and confidence in MDRPU prevention did not show significant differences in PI-MDRPU and PP-MDRPU.
For institutions with MDRPU prevention and treatment protocols, PI-MDRPU did not show a statistically significant difference, whereas PP-MDRPU showed a statistically significant difference (P = 0.008) ( Table 7) . addition, the definition of pressure ulcer provided by the National Pressure Ulcer Advisory Board in 2016 included content about MDRPUs, heightening worldwide interest in MDRPU.
In the present study, the incidence rate of pressure ulcers per 1000 days of hospitalisation was 1.69 cases (‰), while the incidence rate of MDRPUs was 0.09 cases (‰), accounting for 5.48% of all pressure ulcers. The results indicated significant increase compared with MDRPUs, accounting for 1.97% of all pressure ulcers in a study by Lee and Kim 16 .
In the secondary analysis of prevalence of pressure ulcers by Black et al, the incidence rate of MDRPUs was 1.4%, while the incidence rate of MDRPUs in the ICU was reported to be 34.5%. 12 While an accurate comparison may be difficult because of differences in the calculation method, it can be determined that the incidence of MDRPUs is relatively lower. This may be because of a lack of accurate reporting of MDRPUs, as well as the awareness and importance of MDRPU being neglected by the medical staff, which requires further studies. Based on the classification system for MDRPU, the rates of stage 1, 2, 3, and 4 pressure ulcers were 28.6%, 34.8%, 4.4%, and 0.9%, respectively, while suspected deep tissue injury stage and unstageable were 26.9% and 4.4%, respectively, which were similar to the results from a previous study. 16 17 However, the present study found higher incidence rates of stage 2 or suspected deep tissue injury than stage 1 pressure ulcers, which may have been because of pressure ulcers not being detected in the early stage and being reported at a later stage, after it has progressed. Such findings indicate the need for knowledge building and improved awareness about MDRPUs among nurses. With respect to common sites of MDRPU, the nose (32.6%) and legs, including thighs (14.1%), showed high rates, which was similar to previously reported study results. 4 In particular, the incidence rate on thighs was four times higher than the rate reported by Black et al, 12 suggesting the need for management of this area. This was also similar to the results from a study by Lee and Kim, 16 in which anti-embolic stockings accounted for a high percentage of MDRPUs. Such findings confirmed the need for assessment and continued monitoring of surgical patients wearing stockings and applying stockings to patients to control leg oedema, as well as management of this issue. Moreover, training is also needed on the management and identification of pressure ulcer risk in the nose area through observations and preventive nursing of areas where nasogastric tubes are inserted. 
| Assessment of PI-MDRPU and PP-MDRPU in clinical nurses
The clinical nurses who participated in the study demonstrated high PI-MDRPU score of 3.56 AE 0.48 points, whereas the PP-MDRPU score was relatively lower at 3.13 AE 0.90 points. The nurses showed high PI-MDRPU and PP-MDRPU scores for the assessment of skin conditions with regard to the use of EEG and pulse oximeter probes for monitoring patient conditions in clinical settings and use of drainage tubes and Foley catheter, whereas they showed a low score for regularly changing the applied area after a medical device is placed. In particular, checking the skin condition every 2 hours when using restraints showed high PI-MDRPU score of 3.71 AE 0.50 points, but the P-MDRPU score for actual skin assessment showed the lowest score, which suggested that there is a major difference between PI-MDRPU and PP-MDRPU in actual clinical settings. Known risk factors of MDRPUs include sensory impairment, dampness beneath the medical device, poor perfusion, changes in tissue durability, malnutrition, and oedema. 6, 18, 19 The results in the present study showed that the PI-MDRPU score of nurses for high MDRPU risk groups was high, with 3.68 AE 0.51 points, and PP-MDRPU score for assessing and monitoring such high-risk groups was also high, with 3.39 AE 0.80 points. However, there are no studies that confirmed practical preventive nursing activities in relation to these, while follow-up studies are deemed necessary.
With respect to regularly changing the applied area after a medical device is placed, which showed a low PP-MDRPU score, the international clinical practice guidelines on TABLE 7 Comparisons of perceived importance of MDRPU (PI-MDRPU) and prevention performance of MDRPU (PP-MDRPU) of clinical nurses (N = 620) prevention and treatment of pressure ulcers strongly recommends that, for patients who require continuous oxygen saturation measurement, the skin condition should be checked at least twice to make sure there is no pressure injury in the site where the medical device is applied; in particular, if there are risk factors for localised or systemic oedema, skin assessment should be performed at least twice, and the measurement device should be repositioned on the ear or on another finger every 4 hours, when possible. 1 However, the findings in the present study showed that the PI-MDRPU and PP-MDRPU scores for checking skin conditions were high, but the scores for repositioning the device were relatively lower than other items. Therefore, there is a need for training to check that appropriately sized medical devices are being applied as instructed by the manufacturer's protocol and that the device is properly applied and fixed to the body without exerting additional pressure, as well as the need for monitoring to make sure these measures are being performed properly.
The knowledge and attitude of nurses about pressure ulcer management are very important contributing factors for effectively improving pressure ulcer prevention activities, that is, clinical practice guidelines for prevention. Despite such importance, studies on the knowledge and attitude of nurses about pressure ulcers and the compliance of effective performance based on such knowledge and attitude are still lacking. 20 According to a study by Yang and Moon, the importance and educational needs of pressure ulcer nursing were high, but the performance level was moderate. 21 Moreover, there were significant differences in performance levels based on the primary person responsible for pressure ulcer nursing education and pressure ulcer treatment and differences in perceived importance based on the primary person responsible for treatment. Such results were similar to the findings in this study. The reasons for non-reporting of incidences of MDRPUs were analysed as the perception that an MDRPU is difficult to differentiate from a regular pressure ulcer and different protocols exist for MDRPU, lack of education, and busy schedule. It is believed that such results were because of previous studies being more focussed on overall pressure ulcer prevention activities and not specifically about MDRPU, and although a direct comparison is difficult as reporting of MDRPUs was not mentioned, the findings were similar to that of a study that reported lack of time, high severity of patients, and differences in work priorities as the impeding factors for pressure ulcer prevention activities. 22 Therefore, these results suggest the need for improved awareness and the educational need for MDRPU reporting. Because MDRPUs increase with higher patient severity, providing high-quality nursing to prevent this can be viewed as an important aspect of nursing that can contribute significantly to decrease the overall incidence rate of pressure ulcers. However, actual study results showed that the application of prophylactic dressing for the prevention of MDRPUs showed a high PI-MDRPU score of 3.54 AE 0.60, whereas the PP-MDRPU score was only 2.92 AE 1.29 points, which indirectly demonstrated that prophylactic dressings for the prevention of pressure ulcers are not applied in clinical settings. According to studies on the prevention of MDRPUs, the incidence of pressure ulcers was effectively reduced by placing silicon foam dressing on the skin, underneath the area of the tracheotomy tube, and beneath the band that holds it to prevent skin injury. 23 Meanwhile, a study by Forni et al, which assessed the effects of applying foam dressing to the heels wrapped in plaster dressing for prevention of pressure ulcers, reported that doing so caused significant decrease in the incidence of pressure ulcers. 24 Moreover, it was reported that applying a gel sheet to the skin of premature infants receiving continuous positive airway pressure treatment was effective in preventing skin injuries, such as bleeding, skin tearing, and tissue necrosis. 25 Despite a greater body of evidence on prophylactic dressing than before and the need in evidence-based clinical nursing practice, systematic measures for actually performing it are lacking; it is being applied in a very unreasonable manner according to consumers who are receiving such a health care service, and thus, there is also the need for standards on coverage for preventive activities for patient groups at high risk of pressure ulcers. The PI-MDRPU score for MDRPU reporting was high, whereas the PP-MDRPU score was low. This confirmed that there is a difference between perceived importance and prevention performance with respect to educating nurses and caregivers on the need for checking skin conditions for prevention of MDRPU and reporting and monitoring of pressure ulcers when they occur. Previous studies reported that the establishment of a support system for prevention and treatment, and related education, are of utmost importance in the prevention and treatment of pressure ulcers. 26, 27 Therefore, accurate monitoring and recording by nurses, along with the application of quality improvement programmes in the clinical settings, to train medical staff to facilitate preventive activities and providing education and support for patients and caregivers through information sharing are needed for the prevention of MDRPUs. The results of this study showed that experience in pressure ulcer-related training and a higher frequency of participation in MDRPU training resulted in increased PP-MDRPU scores. Among the participants, 78.5% responded that they have experience participating in pressure ulcer-related training, but participation in MDRPU training was only 49%, which suggested the need for additional MDRPU training. According to evidence-based clinical practice guidelines for the prevention and treatment of pressure ulcers, education at the institutional level and the need for developing regular educational policies to provide such education are recommended. 1 Moreover, because due consideration is needed for the application of educational programmes and the assessment of learned outcomes, assessing the knowledge level of medical staff and the development and application of educational programmes that consider such details are needed in actual clinical settings to design education programmes and effectively deliver knowledge. However, evidence that supports effective performance strategies of applying protocols for prevention of pressure ulcers is still weak, and thus, it is necessary to minimise the impediments of protocol application and assess the facilitators of effective performance. 27 As evidence supports this, studies have reported that the incidence and prevalence of pressure ulcers were reduced through the development of a recording system for high-risk patient monitoring, with participation by experts, such as certified wound ostomy continence nurses. [28] [29] [30] It was reported that pressure ulcer reduction programmes developed through multidisciplinary expert panel meetings contributed to the reduction of incidence of pressure ulcers, 31 and thus, its application may be expanded for use as one of the strategies to reduce the incidence of MDRPU.
| CONCLUSIONS AND RECOMMENDATIONS
Among patient safety management quality indicators, pressure ulcer care is a very important aspect of nursing. There has been an increasing trend in the incidences of MDRPU, which has begun receiving attention lately. However, the reporting rate on this is very low, and there are also no studies that have investigated incidences of MDRPU. Therefore, there is a need for systematic studies with assured reliability and validity. In addition to awareness about MDRPU in clinical settings, active evidence-based nursing activities for the prevention of MDRPUs are also needed. For this, the development of strategic protocols at the institutional level, together with quality improvement programmes and customised training programmes for the prevention and treatment of pressure ulcers that correspond to the actual educational needs of medical staff in clinical settings, is needed. Furthermore, it is also necessary to improve the performance of MDRPU prevention activities through the application of prophylactic dressings using a systematic approach for efficient management to emphasise prevention over treatment of pressure ulcer. There is also the need for efforts that can be reflected in the development of health care policies and educational policies for the prevention and treatment of pressure ulcers through the development of safe and effective intervention methods that are most urgently needed in clinical settings in improving the quality of healthcare.
Finally, even though paediatric patients represent a group at high risk of MDRPUs, awareness about this issue in Korea is lacking. Therefore, in addition to the adults investigated in the present study, paediatric patients, including preterm infants, should be recognised as a special group for which a pressure ulcer prevention strategy needs to be developed through an analysis of the current state of MDRPUs.
